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ABSTRACT 
This thesis evaluates the interaction between four habitat factors vital to the gopher tortoise in Florida. 
Federally and state listed as threatened throughout its entire range, the gopher tortoise is vital to protect, 
not only for itself individually but its burrows provide an essential habitat to over 300 species making it a 
key stone species within its environment. Historic habitat modeling methods are reviewed for the gopher 
tortoise to highlight the gap on this topic. This research expanded on the methods utilized by Baskaran et 
al. (2006) evaluating the soil, landcover, percentage of canopy cover and the depth to water table habitat 
factors key to the gopher tortoise. Statistical analysis was used to establish the interactions using a 
regression type analysis of the presence/absence data relative to the four factors. A probability map for 
the study site was then computed from the results. The Analysis of Deviance results for the statistical 
model with land cover type as an independent variable and a 3-way interaction term for the other factors 
found that the land cover term was significant as an independent variable and the 3-way interaction of the 
other 3 habitat factors was significant. This result demonstrates that there is in fact an interaction between 
the habitat factors influencing the location of gopher tortoises. This finding is significant in future gopher 
tortoise research as it indicates that habitat factors evaluated individually may not be as important as the 
interactions between the factors. By understanding the interactions between the habitat factors, the FWC 
can work alongside other agencies to ‘increase and improve’ these key habitat areas preventing them from 
destruction. The map results also help pinpoint those fragmented potential habitat sites which are most at 
risk from full destruction and loss allowing agencies the work on protecting and expanding the suitable 
habitat landscape in order to ‘enhance and restore’ the gopher tortoise populations residing there, helping 
them to ‘maintain the gopher tortoise’s function as a keystone species’. 
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INTRODUCTION 
There are five North American tortoise species, however the gopher tortoise (Gopherus 
Polyphemus) is the only one native to the South Eastern United States (Ernst and Lovich 2009, p. 581). 
Gopher tortoises are members of the Class Reptilia, Order Testudines, and Family Testudinidae. Federally 
and state listed as threatened throughout its entire range (U.S. Fish and Wildlife, 2018), the gopher 
tortoise is vital to protect, as its burrows provide an essential habitat to over 300 species. Historically, the 
majority of the South Eastern United States environment was made up of Longleaf Pine (Pinus Palustris) 
savanna, covering an area of approximately 90 million acres; today that area has decreased to just 3.4 
million acres fragmented across the landscape in poor conditions (NRCS).  Environmental destruction by 
human activities such as farming, fire suppression, and habitat degradation, have worsened the situation 
resulting in an 80% population decline in past decades due to the limited breeding habitat isolated from 
one another (Hermann et al., 2002).  
Gopher tortoises range throughout the southeastern United States extends from South Carolina 
down to the Florida peninsula and west into Louisiana (Auffenberg and Franz, 1982). Considered a 
keystone species within its home range, the gopher tortoise’s burrow provides sanctuary to more than 330 
vertebrate and invertebrate species (Hubbard, 1893; Lago, 1991; Frank and Layne, 1992; Jackson and 
Milstry, 1989; Alexy et al. 2003). Examples include the gopher frog – which is no longer found anywhere 
except within a gopher tortoise burrow, and the threatened pine snake, red and grey rat snakes along with 
the Eastern indigo snake and diamondback rattlesnake (Wahlquist, 1991). Deserted burrows also provide 
shelter for larger species, including opossums, racoons, fox squirrels and even bobcats (Landers and 
Speake, 1980).  Not only is the gopher tortoise burrow essential to a variety of species, its construction 
enhances the plant species richness surrounding it (Kaczor and Harnett, 1990; Hermann, 1993).  
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As previously stated the gopher tortoise has a specific range of habitat where soils have high sand 
content; primarily the longleaf pine (Pinus palustrus) forests but also mixed hardwood pine communities, 
xerophytic oak woodlands (sandhills), pine flatwoods scrub oak woodlands, xeric hammocks, dry 
prairies, dunes and coastal grasslands (Auffenberg and Franz, 1982; Kushlan and Mazzotti, 1984; Diemer, 
1986). Studies by Kushland and Mazzotti (1984) found that gopher tortoises tend to avoid areas which are 
subject to frequent flooding and further narrowing down their potential habitat although they can 
sometimes be found near moist riverbeds during the winter months (McRae et al., 1981; Means, 1982). 
More than 80% of the gopher tortoise’s habitat lies on private or corporately owned land (NRCS), 
this means that management and protection are very difficult. If privately owned land originally homing 
gopher tortoises is converted into a development plot then many animals will lose their homes. Farming 
and urban development are massively harmful to the species. Protection and planning are key to the 
gopher tortoise’s survival (Wilson et al., 1997; Aresco and Guyer, 1999). During the early 1990s, eight 
percent of the gopher tortoise populations could be found within the states of Georgia and Florida with 
the remaining scattered throughout the other southern states existing in fragmented populations. In 1982, 
Auffenberg and Franz made the prediction that gopher tortoises will be exterminated from all unprotected 
lands by the year 2025 if protection measures were not enforced. In Florida, this could mean the 
difference between the species being threatened, endangered and eventually extinct.   
A species habitat in its most basic form is the place in which it lives. Interest for how animals 
interact with their environment began in the early 1900s, during this period, biologists hypothesized that 
environmental conditions along with the availability of food and sites to breed were key factors in 
determining the distribution of animals (Morrison et al., 2012).  Modelling wildlife habitat interactions 
has been used for a variety of reasons including (1) as descriptions of current levels of understanding; (2) 
assessing the relative importance of environmental features in the distribution and abundance of 
organisms; (3) identifying weaknesses in current understanding; and (4) generation of testable hypotheses 
about animals and systems of interest (Morrison et al., 2012).   
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Through environmental management of ecosystem processes and habitat structures, the gopher 
tortoise and other threatened or endangered species population mortality rate could be reduced, allowing 
for rejuvenation in population size (Hermann et al., 2002). For this to happen it is key to understand the 
unique relationships between the gopher tortoises and certain variables which make up its habitat. For the 
gopher tortoise, restoration of longleaf pine forests and habitat maintenance through controlled burning 
and the establishment of reserves would be a beneficial management system. (Landers et al., 1995; 
Eubanks et al., 2003). The Gopher Tortoise Council recommends the most important component of 
conservation is the management of remaining upland habitats, including wetlands that are a part of the 
complete ecosystem. Additional research is needed to locate and map the most favorable habitat areas for 
conservation. Locations currently designated for future development may in fact be the optimal site of 
relocation, due to the habitat allowing population stability and growth. Discussion of land management at 
a State level is most likely needed to fully protect the species.   
Numerous models have been designed to evaluate the area’s most suitable to gopher tortoises 
however the relationship between the variables has yet to be researched. All of the variables surrounding 
an individual animal at any given point in time can be used to describe its habitat however it is important 
to go beyond just listing the variables and determine which features hold a special importance to the 
specie in terms of survival and fitness (Morrison et al., 2012).  Understanding which variables are most 
important to gopher tortoises is key to conservation and future habitat suitability model, how can a model 
be designed to show suitable habitat locations is the relationship between the variables is not fully 
understood? The null-hypothesis of this research is that there isn’t a relationship between the variables 
and each one acts individually with an equal importance in habitat selection sites.  
Gopher Tortoise Description 
A mature gopher tortoise can grow to be 15 inches long with a weight of eight to 15 pounds 
(FWC). Being a terrestrial turtle it uses its strong elephant-like hind legs and flattened shovel-like front 
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feet for digging burrows.  Their shells are an oblong shape and generally colored in a tan, brown, or gray 
pattern (Enge et al., 2006).  
Diet 
The most commonly digested plant materials are broad-leaved grasses however wild legumes 
(Fabaceae) and wiregrass (Aristida stricta) are also on some of the preferred diets for gopher tortoise 
(Garner and Landers, 1981; Macdonald, 1986). Unfortunately gopher tortoises like other species have 
been found to ingest small quantities of indigestible material such as balloons and other plastics, as well 
as animal remains (Garner and Landers, 1981; Macdonald, 1986). Throughout their lifetimes and even 
throughout the year, the type of food digested changes as gopher tortoises mature the variety of food they 
are able to consume increases (Inkley, 1986). The gopher tortoise drinks water rarely, if ever. Most of the 
water required for sustenance comes from the vegetation consumed (Minnich and Ziegler, 1977; Garner 
and Landers, 1981; Inkley, 1986). 
Habitat 
Gopher Tortoise burrows vary in length and depth depending on their age but are found on 
average to be 4.5 m long and 2 m in deep. Generally, they are the width of the gopher tortoise digging 
them being just large enough for them to turn around to go in and out of the burrow (Hansen, 1963). 
These burrows offer protection from predators, and they help maintain a relatively consistent temperature 
to prevent dehydration in the warm months and freezing in the cold. The gopher tortoise burrows also 
serve as refuge for other species (Enge et al., 2006). 
Gopher tortoise’s habitat requirements are rather specific when it comes to the type of soil, 
vegetation and land cover. The most important variant has been seen to be the soil properties (Campbell 
and Christman, 1982); with well-drained, sandy soils preferred for burrowing and nest construction. 
Edaphic conditions created by well-drained soils with a loose texture allow for greater stability of 
burrows, less likely to collapse (Diemer, 1986). Other habitat variables limiting the locations they can 
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survive is the amount canopy cover as they require well-lit nesting sites (Hallinan, 1923; Landers 1980; 
Landers and Speake, 1980; Auffenberg and Franz, 1982). Inkley (1986) defined the adequate sunlight as a 
canopy cover less than 60%. 
Generally due to the limited travel distance they go, a gopher tortoise will only occupy one 
habitat type for the duration of its life unless it is physically relocated by humans (Inkley, 1986). 
However, when there is not a large enough highly suitable habitat for the gopher tortoise they will reside 
in a less suitable environment if need be and have sometimes be found to migrate to different soil types 
throughout the year as seasons change and food supplies decrease (McRae et al., 1981) 
Cover 
As mentioned above, gopher tortoises require adequate sunlight however these means that the 
available above-ground protection is limited, causing them to primarily stay in their burrows, only 
venturing out for food (Speake and Mount, 1973; Cox et al., 1987; Landers and Speake, 1980). Juvenile 
gopher tortoises have been recorded positioning their burrows adjacent to tree stumps or bushes so that 
when they do emerge from their burrows they have somewhere to take cover and hide from predators 
(Tuberville, 2002).   
Effective Population Size / Minimum Area Requirements 
An effective sustainable population size was first categorized by Franklin (1980) who 
recommended a population size of 50 individuals being needed to prevent inbreeding. Cox et al. (1987) 
later proposed that 40 breeding adults at a minimum could be used to reach 50 individuals and prevent an 
overlap in generations however they advised that 50-80 individuals would be preferred for long term 
sustainability. 
The minimum area for a single gopher tortoise to be 10-20 ha (McRae et al., 1981) however this 
was later increased to 30-35 ha of lesser quality habitat can also support the same population size 
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(Breininger et al., 1994). When it comes to conservation lands however the area required for a large 
number of gopher tortoises, 50 individuals, Cox et al. (1994) recommend an area of 200 ha. However 
smaller, isolated populations are also recommended to prevent the spread of disease and allow for genetic 
diversity.  
Habitat Suitability Factors in Relation to Gopher Tortoises 
It is crucial to understand the relationship between species and their habitat in order to effectively 
manage and protect wildlife populations. When it comes to habitat analysis the term ‘model’ refers to a 
conceptual framework made from observations, where the parameters utilized within the model represent 
the ‘outcomes’ that particular independent variables or combinations of variables can have in determining 
the significance of the observations (Everitt, 1992).  
The first species models were developed by the United States Fish and Wildlife Services 
(USFWS) in the early 1980’s in order to record the quality and availability of habitat for an individual 
species (USFWS, 1980). The earliest gopher tortoise evaluation was completed by Inkley (1986) who 
applied a habitat factors important to the gopher tortoise in a habitat suitability index.  The factors 
included were the percentage of ground cover, the openness of the canopy, and the depth to water table, 
which were each given an index value of zero to one. The following is the created equation:  
                                                                        HSI = (V1 * V2 * V3) 
1/3  
                                                               (1) 
 Where: V1 = Percent herbaceous ground cover, V2 = Depth to water table, V3 = Percent canopy cover 
The equation used suggested an equal relationship between the habitat factors for determining 
suitable gopher tortoise habitat. Additionally, an index value of 0 for any one factor would result in an 
HSI of 0.  The research conducted by Landers (1986) found a canopy cover less than 60 percent is most 
desirable; this meant that everything under 60 was given a suitability index of one which gradually 
decreased as it moved above 60 percent (Cox et al. 1987). For depth to water table, depths greater than 
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270 cm were given a value of one, values less than 61 cm were deemed unsuitable so given a value of 0 
which then increased linearly from 61 and 270 cm deep (Cox et al., 1987). It should be noted that this 
model was never validated in the field.  
More recently, Keller (2005) evaluated a broad scale habitat selection for the gopher tortoise 
using a land cover data set for the northeast region of Florida. Here the logistic regression was used to 
develop a habitat suitability model based on vegetation. Unlike previous research, land visits were made 
after the final habitat map was produced for ground-truthing at random locations in order to determine the 
accuracy of the map. The results found a fairly strong interaction between understory and groundcover 
along with an interaction to leaf litter. However it was noted that habitats may vary in suitability based on 
local surroundings and other environmental variables. 
This type of analysis, commonly known as regression analysis, provides an applicable way to test 
the significance of environmental variables on the ability to predict gopher tortoise habitat. The arrival of 
generalized linear models (GLMs) (McCullagh and Nelder, 1989) and generalized additive model 
(GAMs) (Hastie and Tibshirani, 1990) has propelled the use of regression models in habitat suitability 
research. GAMs and GLMs combined with Geographic Information Systems have proven highly useful 
in the field of ecology for the predicting habitat distributions (Guisan, 2002; Guisan and Zimmerman, 
2000). GIS along with logistic regression analysis has been used to develop habitat suitability models for 
other species such as the Great Tit (Parus major minor) for an urban area in Osaka, Japan (Hashimoto et 
al., 2005) along with the alpine marmots (Marmota marmot) in the French Alps (Allaine et al. 1994).  
 Baskaran et al. (2006) evaluated the gopher tortoise habitat in Fort Benning, GA. In this analysis 
burrow sites were investigated using binary logistic regression in order to generate a probability model for 
the presence/absence of burrows. The presence data was derived from the known location of the gopher 
tortoise burrows and the absence data was derived from the random points. It was assumed that the entire 
site of Fort Benning had been sampled allowing for a regression analysis. The research utilized numerous 
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factors including: distance to streams and roads, the slope of the land, along with the soil texture, and 12 
land-cover categories. The model used was: 
Logistic regression helps to describe the connection between a set of variables and a binary or 
dichotomous result. This research used the clay percentage within the soil as the most significant variable, 
followed by land cover type. Baskaran considered all of the habitat factors as individual and did not look 
at possible interactions between the factors. A probability map for the presence of gopher tortoise burrows 
was then created from the statistical model. The model was then tested using line transects and evaluating 
the land in person to decide if it is suitable habitat to the gopher tortoise or not. The ground visits made 
proved the model to have a 78.57% accuracy rating. The probability of discovering a gopher tortoise 
burrow decreased as the percentage of clay in the top soil layer increased.  
Of this previous research, the model produced by Inkley (1986) did not generate a map to 
represent the data and the model was also never validated. The model used by Keller (2005) did produce a 
visual representation but only included a single habitat factor. Baskaran’s model did produce a probability 
map but the interactions between the habitat factors used was never evaluated. With technological 
advances designed habitat models can now be visualized with GIS to help display the results of the 
analysis making the information more easily accessible to conservationist and planners. By using GIS the 
limitations are solely on the data used as the program calculates and displays the results. Another benefit 
of using GIS to evaluate potential gopher tortoise habitat within a study site is its ability to evaluate large 
areas of land quickly and efficiently.  
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The Florida Fish and Wildlife Commission (FWC) have a Regional Gopher Tortoise Habitat 
Model created in 2011 which shows habitat suitability across Florida, later updated in 2016.  The model 
contained selected vegetation, canopy data, and soils with water table depth greater than 2 meters. The 
soils data set was split into two categories, the areas with the highest quality had a water table depth 
greater than 6.5 ft, and areas of acceptable quality had a water table depth betwenn 1.5 – 6.5 ft. Forest 
canopy cover was split into two variables, greater than 65% coverage and less than 65% coverage. 
Potential land cover classes were also extracted and defined as primary habitat. Here the concentration 
was on the chosen habitat factors and again not the relationship between the factors. Combined the results 
were as follows, with 1 ranking the highest suitability and 7 the lowest suitability (Florida Fish and 
Wildlife Conservation Commission, 2012). 
1 = Potential Primary habitat and soils with water table depth greater than 6.5 ft                             
(appropriate habitat, soils, and have < 65 canopy closure) 
2 = Potential Primary habitat and soils with water table depth 1.5 to 6.5 ft                                       
(appropriate habitat, soils, and have < 65 canopy closure) 
3= Potential Secondary habitat and soils with water table depth greater than 6.5 ft                                       
(appropriate habitat, soils, and have ≥ 65 canopy closure) 
4 = Potential Secondary habitat and soils with water table depth 1.5 to 6.5 ft                                           
(appropriate habitat, soils, and have ≥ 65 canopy closure) 
5 = Other Potential Primary habitat (Florida sandhill, sand pine scrub, scrub, dry prairie (all FNAI data) 
and beach/dune from segap did not need required soils) (Scrubby flatwoods and mesic flatwoods south of 
~SR 50 were also included within potential habitat category 5 and did not require soils criteria) 
6 = Potential Pasture Secondary habitat and soils with water table depth greater than 6.5 ft 
7 = Potential Pasture Secondary habitat and soils with water table depth 1.5 to 6.5 ft 
The United States Department of Agriculture (USDA), Natural Resources Conservation Service 
(NRCS) have a gopher tortoise site suitability rating based off of soil type. The soils were ranked based 
on their flooding, ponding, medium and coarse gravel fragments, depth to seasonal high water table, 
depth to restricted layer, texture and slope variables. The final gopher tortoise results were ranked not 
rated, unsuitable, less suited, moderately suited, to highly suited being values of >0.99-1 (USDA, 2017). 
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Soils with a value of 1 are rated ‘highly suitable’ and have no restrictions to gopher tortoise use 
and are favorable for burrowing. In these areas colonization and population densities can be found to be 
above average if other habitat factors are not limiting. ‘Moderately suited’ soils rating with a value of 
0.66, implies that the area is suitable and somewhat favorable to burrowing but restrictive features may 
limit the use of the site to gopher tortoises. A soils rating of ‘less suitable’ with a value of 0.33, indicates 
that the characteristics of the soils limiting establishment, maintenance, or use of the area by a gopher 
tortoise. ‘Unsuitable soils’ rating with a value of 0, means that the soils characteristics are unsuitable to 
gopher tortoises for living, limiting the excavation, maintenance and preservation of the burrows vital for 
survival. 
The objective of this current study is to expand on the methods utilized by Baskaran et al. (2006) 
evaluating habitat factors key to the gopher tortoise. The factors have been selected based upon previous 
research: landcover (Keller, 2005; Baskaran, 2006; FWC, 2016), canopy cover (Landers, 1986; Inkley, 
1986; Cox et al., 1987; Baskaran et al., 2006; FWC, 2016), depth to water table (Inkley, 1986; FWC, 
2016), and soils (Baskaran, 2006; NRCS, 2017; FWC, 2016). These four habitat factors have all been 
previous analyzed in a habitat model for the gopher tortoise however the interactions between the factors 
has not yet been investigated in a vigorous manner. Statistical analysis will be used to establish the 
interactions using a regression type analysis of the presence/absence data relative to the four factors. A 
probability map for the occurrence of gopher tortoise burrows across the study site will then be computed 
from the results.  
 
11 
 
 
 
 
 
 
METHODS 
Overview 
This study was conducted in a twelve-county region containing the cities of Sarasota, Tampa, St. 
Petersburg, Clearwater, New Port Richey and Lakeland, representing the south west region of Florida. 
Many of the coastal areas have been fully developed with intense human activities leaving limited 
locations for gopher tortoises. In order to evaluate potential gopher tortoise habitat within the study area 
each factor was rated from low suitability to high suitability depending upon their properties. The 
individual habitat factors were then combined using the union tool in ArcGIS to create a dataset 
containing the different combinations of each variable. Transect buffers were created from the transect 
lines provided by FWC and the individual habitat factors were clipped to the buffers. Known gopher 
tortoise burrows and generated random points were then spatially joined to the transect buffers to find 
which variable combination they fell into. The results of this were then used to statistically evaluate the 
gopher tortoise burrow locations along with randomly generated points, to find the significance of each 
variable and their interactions. From this the probabilities for each habitat factor combination is calculated 
and used to generate a final probability map for the entire study site.  
Data Sources 
The analysis for this study utilized four habitat suitable factors key to the gopher tortoise: soil 
type, land cover type, percentage of canopy cover and the soils minimum depth to water table. These four 
variables were chosen due to their important determinants for the gopher tortoise habitat found in Florida. 
The data sets were edited to limit them to the south west region of Florida, encompassing the counties of: 
Charlotte, DeSoto, Hardee, Hernando, Highlands, Hillsborough, Lee, Manatee, Pasco, Pinellas, Polk, and 
Sarasota.  
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Table 1: Data sources for the habitat factors 
Feature Collected from Site Resolution  
Coordinate System 
Gopher tortoise site 
suitability rating 
Natural Resources 
Conservation Service 
https://websoilsurvey.sc.ego
v.usda.gov/App/WebSoilSu
rvey.aspx 
30 x 30 
NAD_1983_Albers 
Land Cover Florida Natural Areas 
Inventory (FNAI) 
http://www.fnai.org/ 30 x 30 
NAD_1983_Albers 
Canopy Cover Multi-Resolution Land 
Characteristics 
Consortium (MRLC) 
https://www.mrlc.gov/nlcd1
1_data.php 
30 x 30 
NAD_1983_Albers 
Depth to Water 
Table 
Natural Resources 
Conservation Service 
(NRCS) 
https://www.nrcs.usda.gov 30 x 30 
NAD_1983_Albers 
 
The original resolution of the soils, land cover, and depth to water table datasets was 
0.0076x0.0076 degrees. This was resampled to a resolution of 30m x 30m similar to the canopy cover 
dataset. Each variable had differing projections, so each layer was re-projected to NAD_1983_Albers the 
same as the canopy cover dataset. This enabled the canopy cover dataset to act as a base on which 
everything else was mirrored. The XY coordinate system used for this model is therefore 
NAD_1983_Albers. This was selected as it was the same coordinate system used by the NRCS for their 
model and the FWC model used for preliminary evaluations.  
Habitat Suitability Factors 
The soils data set was obtained from the Natural Resources Conservation Service (NRCS) who 
had externally classified the soils based upon their suitability to gopher tortoises. The data set contained 
298 different soil types throughout the study site classified as highly suitable, moderately suited, less 
suited and unsuitable. For this study these were recoded as very low, low, medium and high. The land 
cover data consisted of 195 differing land types, again broken up into the probability of finding a gopher 
tortoise, ranked into three categories, highly suitable, unsuitable, and unsuitable. These were again 
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recoded as high, medium, low. The canopy cover data set was the only continuous variable extending 
from 0 percent to 100 percent canopy cover. This was broken up into three groups, 0-10% canopy cover, 
coded as high, 11-55% canopy cover, coded as medium, and 56-100% canopy cover, coded as low. The 
minimum depth to water table spread from 0 to 92cm across the study site. This was a categorical variable 
comprised of depths of 0cm, 8cm, 15cm, 31cm, 61cm, 84cm and 92cm.The FWC Management Plan 
(2017) has the preferred depth to water table as 1.5 feet or 45.72cm which has been determined as the 
preferred minimum depth to water for a gopher tortoise burrow. Therefore all values less than 45cm were 
rated unsuitable and coded as low with all the areas with a depth over 45cm being coded as high. See 
Table 2 for a summary of the habitat factors coding. These four habitat factors were mapped in ArcGIS 
for the south west region of Florida. 
Table 2: Habitat factors recoded 
Habitat Factor Original data Recoded data 
Soils (S) 
Unsuitable Very Low 
Less Suited Low 
Moderately suited Medium 
Highly suitable High 
Landcover (LC) 
Unsuitable Low 
Suitable Medium 
Highly suitable High 
Canopy Cover (Cpy) 
0 -10 % High 
11 – 55% Medium 
56 – 100% Low 
Depth to Water Table (DWT) 
0 - 45cm Low 
>45cm High 
  
Transect Data 
The Florida Fish and Wildlife Conservation (Michelina Dziadzio, FWC Gopher Tortoise GIS and 
Monitoring Coordinator) provided two datasets to assist with the analysis of this research. A shapefile 
containing the known gopher tortoise burrow locations, divided into different categories: occupied, 
potentially occupied, unoccupied or abandoned. Each location point was dated from 2011 to 2018. The 
other file was a survey file containing the line-transects from which the known locations were collected 
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from conservation lands in Florida. It should be noted that the data is not all-encompassing for Florida as 
the FWC is still in the process of surveying conservation lands, and private lands are not included in the 
dataset. For the areas where data has been collected by FWC, it is considered completely sampled.  
From the provided transect data a 100m buffer was created as this was the maximum distance 
either side the line sampling the data was conducted (Figure 1). The buffers were used to clip the original 
four habitat factors. Using spatial analyst tools in GIS the value of each raster cell for each variable was 
calculated for the transect buffer area. Within GIS, spatial analyst tools were applied to find the different 
combinations of variables within the transect buffers (Figure 2) providing 72 different combinations of 
the factors see Table 3. The buffers were used as they represent the location of known gopher tortoise 
burrows, therefore encompassing suitable gopher tortoise habitat, it is also considered that the sampling 
has been exhausted where the transects are located.  
Gopher Tortoise Burrow Data 
Of the 9237 known gopher tortoise burrows provided, a total of 4795 burrows are located within 
the transect buffer. These burrows were then spatially joined to the transect buffers containing the habitat 
factor combinations resulting in the count of how many burrows were located within each combination. 
The burrows not located within the transect buffers are not considered for this analysis. 
Within ArcGIS, spatial analyst tool (Create Random Points tool) was used to create the 
equivalent number of random points with a minimum distance of 10m between each point. This produced 
4766 random point locations. The minimum distance of 10m between each point was used as this is the 
recommended distance to leave between gopher tortoise burrows when relocating gopher tortoises. The 
resulting random points were then spatially joined to the gopher tortoise burrows and transect buffers 
containing the factor combinations, resulting in the count of how many points and burrows combined 
were located within each combination.  
Statistical Methods 
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For the purpose of a binary logistic regression statistical analysis of the habitat suitability factors, 
the counts of the observed gopher tortoise burrows per each factor level combination, and the counts of 
the random points per each factor level combination were transformed to be individual observations made 
up of the different factor levels together with a response variable coded “YES” for an observed burrow 
and coded “NO” for a random point. This provided 9561 total observations (n=4795 observed + n=4766 
random). 
A binary logistic regression model was then estimated using the R statistical programming 
language. Best practices, guided by theory, were followed in terms of evaluating the impact and 
significance of the different factors and their interactions on the probability of an observation being a 
burrow. In terms of theoretical guidance for the model, the land cover factor was treated as independent 
of the other factors since it reflects an overall ‘habitat context’. Meanwhile, the other factors (soils, 
canopy cover, depth to water table), and their potential interactions, were considered more instrumental in 
terms of affecting the ‘within-context’ micro-habitat for gopher tortoises.  
Once the final statistical model was decided, effect-plots (Fox, 2003) were produced in R which 
summarize the impact and significance of the factors (or their interactions) while other factors (or 
interactions) are held constant. Finally predicted probabilities for the different combinations of factor 
levels based on the final statistical model were produced in R and then used to create a predictive 
probability map for gopher tortoise burrows for the whole study region.  
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Figure 1: Location of the FWC provided transects data within the study site. Displaying the 100m buffer 
surrounding each transect line.  
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Figure 2: Example of the habitat factor combinations within the transect buffer. 
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Soils Landcover Canopy  Depth to WT 
 
Soils Landcover Canopy  Depth to WT 
Very low Low Low Low 
 
Medium Low Low Low 
Very low Low Low High 
 
Medium Low Low High 
Very low Low Medium Low 
 
Medium Low Medium Low 
Very low Low Medium High 
 
Medium Low Medium High 
Very low Low High Low 
 
Medium Low High Low 
Very low Low High High 
 
Medium Low High High 
Very low Medium Low Low 
 
Medium Medium Low Low 
Very low Medium Low High 
 
Medium Medium Low High 
Very low Medium Medium Low 
 
Medium Medium Medium Low 
Very low Medium Medium High 
 
Medium Medium Medium High 
Very low Medium High Low 
 
Medium Medium High Low 
Very low Medium High High 
 
Medium Medium High High 
Very low High Low Low 
 
Medium High Low Low 
Very low High Low High 
 
Medium High Low High 
Very low High Medium Low 
 
Medium High Medium Low 
Very low High Medium High 
 
Medium High Medium High 
Very low High High Low 
 
Medium High High Low 
Very low High High High 
 
Medium High High High 
Low Low Low Low 
 
High Low Low Low 
Low Low Low High 
 
High Low Low High 
Low Low Medium Low 
 
High Low Medium Low 
Low Low Medium High 
 
High Low Medium High 
Low Low High Low 
 
High Low High Low 
Low Low High High 
 
High Low High High 
Low Medium Low Low 
 
High Medium Low Low 
Low Medium Low High 
 
High Medium Low High 
Low Medium Medium Low 
 
High Medium Medium Low 
Low Medium Medium High 
 
High Medium Medium High 
Low Medium High Low 
 
High Medium High Low 
Low Medium High High 
 
High Medium High High 
Low High Low Low 
 
High High Low Low 
Low High Low High 
 
High High Low High 
Low High Medium Low 
 
High High Medium Low 
Low High Medium High 
 
High High Medium High 
Low High High Low 
 
High High High Low 
Low High High High 
 
High High High High 
 
 
Table 3: Variable combinations within the transect buffer. Table displaying the different possible 
combinations of the soils, landcover, canopy and depth to water table factors.  
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RESULTS 
The gopher tortoise habitat factors are displayed in Figure’s 3. The darker areas represent 
locations where the suitability is highest and the lightest areas represent the least suitable locations.  
Habitat Suitability Factors – Mapping for the study site 
Soils 
The soils dataset shown in Figure 3a visually displays two distinct areas of highly suitable habitat. 
The linear topographic high running from north to south along the eastern portion of the study site is the 
Lake Wales Ridge. This area forms part of the higher elevation locations for Florida being remnants of an 
ancient sand dune system from eras when oceans where higher than they are today (Meyers and Ewel, 
1990). The other highly suitable location can be found in the northern portion of the study site in the 
Chassahowitzka Wildlife Management Area. In between these two highly suitable locations there are 
various isolated patches scattered across the study site. A summary of the values in the soils factor is 
provided in Figure 4a. The majority of the soils factor was very low suitability with less than 5% of the 
study site receiving a medium suitability rating and only 16% receiving a high suitability rating.  
Landcover 
The land cover data set shown in Figure 3b shows suitable locations sporadically spread across 
the study site. From the map it is visually apparent the large areas of unsuitable land cover. This is largely 
due to the highly developed location of the study site encompassing the coastal cities of Fort Myers, 
Sarasota, St. Petersburg, Clearwater, Tampa and the inland city of Lakeland. As expected the areas of 
highest suitability in the northern portion of the study site also reflect the areas where the longleaf pine, 
xeric oak sandhills along with the pine flatwoods are located which are amongst the most preferred 
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habitat types for the gopher tortoise. The sand dunes located along the coastline can also provide a 
suitable habitat area for the gopher tortoise and many of the areas are already under protection from local 
government authorities. The distribution of the raster cells within this factor is displayed in Figure 4b. A 
lot of the cells were low suitability for gopher tortoise habitat totaling 40.64% which as mentioned above 
for the soils will largely be due to the level of development across the study site. Only 15.16% of the cells 
had a medium rating and the remainder of 44.20% were rated as highly suitable landcover for the gopher 
tortoise.  
Percentage of canopy cover 
The percentage of canopy cover, Figure 3c, shows that a majority of the study site is highly 
suitable with minimal locations being greater than 56% canopy cover. There are very few areas of Florida 
which are covered in dense canopy and this study site did not include many of those locations. The Lake 
Wales Ridge along the left portion of the study site had locations of high rating gopher tortoise habitat 
with a majority of the remainder being medium rating. Figure 4c shows the distribution of the cells within 
the study site. Here it can be seen that almost half of the study site is highly suitable for gopher tortoises 
being under 10% canopy cover with just over a quarter of the site receiving a medium rating.  
Depth to water table 
The final factor is the depth to water table layer shown in Figure 3d. Florida being a very low 
lying area clearly has a shallow depth to water table. However there are still locations above the minimum 
depth of 45cm. There are very few locations of suitable depth to water table within the study site. The 
northern portion of the study site, heading south east across the site provides the largest areas of high 
suitability. Over 90% of the study site has a rating of low, emphasizing the minimal locations seemingly 
suitable for gopher tortoises.  
A statistical analysis of the habitat suitability factors 
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The result of the different combinations of variables found within the transect buffers can be 
found in Table 3 showing a total of 72 combinations between the soils, landcover, canopy, and depth to 
water table factors. This means that every combination possible did appear within the buffer transects.  
Evaluating each habitat factor individually, for soils (Table 4) the medium and high suitability 
soils for the gopher tortoise burrows had a higher number than was expected when compared to the 
random points, this is the opposite for the very low and low suitability when more random points 
occurred than gopher burrows.  
Table 4: Gopher tortoise burrow and random point count within the transect buffer soils factor 
Soils Very Low Low Medium High 
Gopher Tortoise Burrows 192 899 694 3010 
Random Points 599 1062 455 2550 
 
The landcover factor (Table 5) found that the low suitability for the landcover resulted in a small 
number of gopher tortoise burrow locations with only 32 burrows being found compared to the 475 
random points.  There were also fewer burrows in the medium category than random points but in the 
high category there were over 500 more gopher tortoise burrows than random points.  
Table 5: Gopher tortoise burrow and random point count within the transect buffer landcover factor 
Landcover Low Medium High 
Gopher Tortoise Burrows 32 315 4448 
Random Points 475 364 3927 
 
The canopy cover habitat factor (Table 6) found that the low rating had just 477 gopher burrows 
but 180% more random points were found with a count of 1335. The high rating has 2590 gopher burrows 
but just 1780 random points meaning that more burrows were found in these areas than expected with the 
random points. This suggests that the canopy cover is affecting the location of the gopher tortoise burrows 
as far less where found in the low category than expected and far more were found in the high category. 
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Table 6: Gopher tortoise burrow and random point count within the transect buffer canopy factor 
Canopy Low Medium High 
Gopher Tortoise Burrows 477 1728 2590 
Random Points 1335 1651 1780 
 
Finally the depth to water table factor (Table 7) can be broken down as seen below. As expected 
there are a large number of burrows and random points within the low suitability however this will be due 
to a majority of the study site being low. There are more gopher tortoise burrows located in the high 
group than random points located in the high suggesting there is some sort of influence occurring with the 
depth to water table habitat factor when depicting gopher tortoise habitat.  
Table 7: Gopher tortoise burrow and random point count within the transect buffer DepthWT factor 
Depth to Water Table Low High 
Gopher Tortoise Burrows 3699 1096 
Random Points 3899 867 
 
The counts of the known gopher tortoise burrows and the random points within each combination 
is shown in Table 9. The count for the known gopher tortoise burrows in on the top row and the random 
points are on the second row. If the random points count was higher then it was highlighted in red, if the 
known points count was higher then it was highlighted in green, the combinations which has similar 
counts are highlighted in grey. Factor combination Soils, high, Landcover, high, Canopy, high and 
DepthWT, low resulted in the largest difference between the random and known points with almost 
double the number of known points found within the combination. There is a clustering of green cells 
towards the bottom right corner of the table, indicating that some sort of connection between the 
suitability levels of the factors and burrow incidence. The table helps to visually display how as the soil 
suitability increases along with the canopy cover then the number of known points within a variable 
combination is higher than the random expected count. However, in order to fully evaluate the 
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significance of each variable with the probability of finding a gopher tortoise burrow further analysis was 
required.  
Table 8: Analysis of Deviance Table (Type II tests) 
 LR Chisq Df Pr(>Chisq) Signif. code 
Soils 88.65 3 < 2.2e-16 *** 
Canopy 379.46 2 < 2.2e-16 *** 
DepthWT 1.81 1 0.17875  
Landcover 245.80 2 < 2.2e-16 *** 
Soils : Canopy 31.93 6 1.682e-05 *** 
Soils : DepthWT 39.75 3 1.202e-08 *** 
Canopy : DepthWT 21.76 2 1.887e-05 *** 
Soils : Canopy : DepthWT 14.27 6 0.02675 * 
Signif. Codes: 0 ‘***’   0.001 ‘**’   0.01 ‘*’   0.05 ‘.’   0.1 ‘ ‘   1 
 
Table 8 presents the Analysis of Deviance results for the statistical model with land cover type as 
an independent variable and a 3-way interaction term for the other factors. The land cover term is 
significant at the 99.9% level and the 3-way term is significant at just less than the 97.5% level (p-value is 
0.02675). Given the significance of the 3-way term, the lower-order terms involving these factors can be 
ignored. When evaluating just the landcover factor, the effect plot (Figure 5) shows that as the landcover 
suitability increases so does the probability of finding a gopher tortoise. When the landcover variable is 
unsuitable the probability of finding a burrow is just 0.1 with a large standard error on the prediction, this 
dramatically jumps up to the medium suitability with a probability of 0.4. There is a very minimal 
difference between medium and high suitability probabilities suggesting that they are very similar in 
probability so a high landcover suitability is not significantly different to a medium suitability.  
The results of evaluating the soils, canopy cover and depth to water table together produce some 
very interesting results, seen in the effect plot of Figure 6. The top row of plots displays a high suitability 
for depth to water table (DepthWT) with moving across the row and increasing suitability for canopy 
cover and a step increase in the suitability of soils. The bottom row shows the same thing except with a 
low suitability or a depthWT. Looking at the bottom left plot, when the DepthWT and canopy are both 
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low the increasing suitability in the soils does not lead to a dramatic increase in probability of gopher 
tortoise burrow, peaking at just 0.3. This suggests that the soils alone are not significant enough to greatly 
affect the probability of finding a gopher tortoise burrow. Continuing across to the next plot where the 
DepthWT is still low, but canopy is now medium suitability it can be seen that there is a noticeable 
increase in probability. The soils again do not seem to have a significant impact with very low soils 
having a probability of 0.45 and high suitability soils having a probability of 0.5, interestingly the plot 
actually peaks at medium suitability soils. This pattern occurs again at DepthWT, low and canopy high 
where there is a slight decrease in suitability going from medium suitability soils to high suitability soils.  
In the top row of plots, where DepthWT is high, canopy is low the box plot reveals a large 
variability in probability of finding a gopher tortoise burrow as the suitability in soils increases. Most 
noticeable is the dramatic decrease in probability for the medium soils, lying below 0.1 probability and 
the high standard error on the predictions. Further evaluation of this variable combination reveals that 
there is a very small area within the transect buffer with these combinations, which is leading to the larger 
standard of error. When DepthWT is high and canopy is medium there is an interesting change in gopher 
tortoise probability as the suitability in soils increases. Even when soils are very low the probability is 
still at 0.4 decreasing to 0.3 when the soils are low. When soils are medium and high suitability the 
probability increases to 0.6 showing that there is some sort of link between medium and high suitability 
soils and DepthWT combined with canopy. A very similar result is shown in the final plot with a high 
DepthWT, high canopy and medium soils achieving the greatest probability of 0.65 in finding a gopher 
tortoise burrow. 
The probability of all 72 combinations is displayed in Table 10. When evaluating the probability 
of each combination of factors it is revealed that medium soils, high landcover, high canopy and high 
depth to water table produce the greatest probability for gopher tortoise occupancy of 0.66. This result is 
also reflected in the effect plot of Figure 6. This is expected considering the new knowledge of the 
relationship between the habitat factors although it is interesting that there is a slight decrease in 
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significance when high soils are used. The probability of a burrow occurrence decreases down to 
minimum of 0.0066 for medium soils, low landcover, low canopy and high depth to water table.  
The probability of burrow occurrence map (Figure 7) visually displays the results of the different 
habitat factor combination probabilities. The gopher tortoise probabilities for the study site show just how 
fragmented their current habitat and potential habitat is. The northern portion of the study site, 
Chassahowitzka Wildlife Management Area produces the largest areas with high probability of gopher 
tortoise occurrence. This area is already in protected conservation lands so the species should have a long 
term habitat location here.  
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Figure 3: Individual habitat variables GIS map result. a) Soils habitat factor, b) Landcover habitat factor, 
c) Percentage of canopy cover habitat factor, d) Depth to water table habitat factor 
a) b) 
c) d) 
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Figure 4: Bar graph showing the distribution of cells within each habitat factor. a) Soils factor 
distribution, b) Landcover factor distribution, c) Canopy cover distribution, d) Depth to water table factor 
distribution  
a) b) 
c) d) 
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Table 9: 4-Dimensional representation of the counts within each variable combination. Displaying the 
known gopher tortoise burrow points count  on the top row and the random points count on the bottom 
row in each combination variable within the transect buffers.  
Low High Low High Low High
6 0 6 0 4 0
133 19 60 4 35 12
2 0 5 1 2 0
3 0 6 1 4 1
18 3 66 10 53 16
132 23 73 13 56 24
3 0 0 0 0 0
41 2 26 3 23 8
0 0 0 0 0 0
7 0 11 3 10 1
95 2 299 19 476 5
295 10 316 35 342 29
0 0 0 0 2 0
5 4 1 6 5 1
1 0 1 3 0 6
3 1 0 2 1 3
3 1 56 136 195 290
16 14 37 100 106 150
1 0 2 0 8 0
28 3 29 3 18 6
33 0 56 3 55 147
72 0 118 7 83 27
237 72 855 210 1167 164
480 44 674 123 650 185
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Figure 5: Plot of the landcover factor within the transect buffer. 
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Figure 6: Plot graphs of the soils, canopy and depth to water table relationships.  
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Soils LC Cpy DWT Probability 
 
Soils LC Cpy DWT Probability 
M H H H 0.6604 
 
M H L L 0.1768 
M H H L 0.6489 
 
M L H H 0.1645 
H H H H 0.6324 
 
L H L H 0.1634 
H H H L 0.6293 
 
M L H L 0.1576 
H H M H 0.6221 
 
VL H L L 0.1529 
H H L H 0.6171 
 
H L H H 0.1483 
M H M L 0.6058 
 
H L H L 0.1467 
M M H H 0.5831 
 
H L M H 0.1428 
M H M H 0.5755 
 
H L L H 0.1402 
L H H L 0.5726 
 
L H H H 0.1402 
M M H L 0.5707 
 
M L M L 0.1346 
H M H H 0.5530 
 
M M L L 0.1338 
H M H L 0.5498 
 
L M L H 0.1232 
H H M L 0.5426 
 
M L M H 0.1207 
H M M H 0.5421 
 
L L H L 0.1194 
H M L H 0.5368 
 
VL M L L 0.1149 
M M M L 0.5250 
 
H L M L 0.1072 
M M M H 0.4936 
 
VL H L H 0.1067 
L M H L 0.4907 
 
L M H H 0.1049 
VL H H L 0.4875 
 
VL L H L 0.0878 
VL H M L 0.4815 
 
VL L M L 0.0859 
L H M L 0.4756 
 
L L M L 0.0841 
H M M L 0.4604 
 
VL M L H 0.0791 
VL H M H 0.4347 
 
VL L M H 0.0722 
VL M H L 0.4062 
 
M H L H 0.0619 
VL M M L 0.4004 
 
VL L H H 0.0573 
L M M L 0.3947 
 
H L L L 0.0489 
VL H H H 0.3753 
 
L L M H 0.0484 
VL M M H 0.3561 
 
M M L H 0.0453 
H H L L 0.3368 
 
L L L L 0.0317 
L H M H 0.3344 
 
M L L L 0.0213 
VL M H H 0.3017 
 
L L L H 0.0194 
H M L L 0.2675 
 
VL L L L 0.0179 
L M M H 0.2654 
 
L L H H 0.0162 
L H L L 0.2443 
 
VL L L H 0.0119 
L M L L 0.1887 
 
M L L H 0.0066 
Table 10: Probability of a gopher tortoise burrow location by habitat suitability factor combinations 
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Figure 7: Probability of occupancy map for the gopher tortoise in the south west region of Florida. 
Probability map created from the 72 habitat factor combinations and their probabilities.  
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DISCUSSION 
Western populations of gopher tortoises are federally listed under the 1987 Endangered Species 
Act. Not only does the gopher tortoise need to be protected from extinction, but it also acts as a keystone 
species within its environment with its burrow providing an essential habitat to over 300 species. 
Conservation efforts to protect and recover the species rely on a thorough understanding of its habitat 
needs (U.S. Fish and Wildlife Service, 2012), however these are still yet to be thoroughly defined (Hoctor 
and Beyeler, 2010).  
Significance 
This research applied a binary logistic regression analysis to evaluate the relationship between 
four essential habitat factors for the gopher tortoise in Florida. Not only is it important to understand the 
importance of each factor individually but also the interactions occurring between the factors. It is crucial 
to fully understand the relationship between species and their habitat variables in order to effectively 
manage and protect wildlife populations (Kowal et al., 2014). This research revealed that not only are the 
factors themselves important individually but the interaction between them also plays a key role in 
determining potential gopher tortoise habitat locations.  
There are two distinct areas in the study site most suitable for gopher tortoises, the first being in 
the northern portion of the study site in the Chassahowitzka Wildlife Management Area. This area 
provides the most suitable soils in the study site along with a large proportion of the suitable land cover 
types. The other area of high probabilities is around the Lake Wales Ridge which extends linearly from 
north to south along the western portion of the study site. This is a deep sandy ridge which is why the 
soils in this region are so highly suitable. Sandy soils are known to be one of the focal habitat factors to 
gopher tortoises (Auffenberg and Franz, 1982) along with a sparse canopy cover. The results of the 
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individual habitat factors visually display this historic knowledge, in the soils dataset it was found that the 
predominant soil in both highly suitable locations to be Candler fine sand, with the most common land 
cover being Sandhill which contains the preferred scrub vegetation for gopher tortoises. These two areas 
should be considered for future gopher tortoise habitat protection and relocation by the FWC and private 
environmental agencies who work with gopher tortoises.  
Past gopher tortoise habitat models have relied upon historic literature to determine the model 
code and weights used for variables (Inkley, 1986). This research evaluated if these historic literatures 
were accurate in their determinations of important habitat variables for the gopher tortoise. It was found 
when the land cover type acts as an independent variable and a 3-way interaction term for the other 
factors, the land cover term is significant at the 99.9% level and the 3-way term is significant at just less 
than the 97.5% level.  Understanding the unique relationship between the variables is key in predicting 
future locations of gopher tortoises and potential habitat locations for them to survive.  
In Florida both the gopher tortoise itself and the burrow which it digs is protected under state law. 
It may seem surprising that even an empty gopher tortoise burrow is protected however the burrow itself 
acts as a shelter for over 350 other species some of which can only be found in a GT burrow. The species 
have been regulated in Florida since 1972 and have also been fully protected since 1988; despite this their 
numbers have dropped dramatically due to human activities such as urbanization and habitat destruction. 
Currently before any land clearing or development begins a permit must be obtained by the FWC to 
locate and then relocate all of the affected gopher tortoises on the property site. In 2012 the FWC released 
a Management Plan with four main objectives designed to help prevent further decline of the species 
population. The objectives outlined were:  
1. Minimize the loss of gopher tortoises. 
2. Increase and improve gopher tortoise habitat. 
3. Enhance and restore gopher tortoise populations 
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4. Maintain the gopher tortoise’s function as a keystone species. 
For these objectives to be achieved it is imperative that the gopher tortoise habitat is fully 
evaluated, this includes finding the relationship between habitat variables. The probability of occurrence 
map and results can therefore assist with two of the main objectives by visually displaying the main 
location of those gopher tortoise habitat sites. By understanding the connection between the habitat 
variables, the FWC can work alongside other agencies to ‘increase and improve’ key habitat areas, 
preventing them from destruction. The map results also help pinpoint those fragmented potential habitat 
sites which are most at risk from full destruction and loss allowing agencies the work on protecting and 
expanding the suitable habitat landscape in order to ‘enhance and restore’ the gopher tortoise populations 
residing there, helping them to ‘maintain the gopher tortoise’s function as a keystone species’.  
Limitations 
Where previous research analyzed the importance of habitat factors individually, (Inkley, 1986; 
Keller, 2005; Baskaran et al., 2006; FWC, 2012) this research went a step further to find the interactions 
between the factors. Three of the habitat factors, soils, landcover, and canopy cover had numerous values 
making up the datasets, with the soils dataset containing 298 different soil types, the landcover dataset 
having 198 land types, and the canopy cover going from 0% through to 100%. The depth to water table 
dataset however, only had seven values available at the scale used. This was clearly a limiting factor 
when compared to the other habitat factors utilized. Despite this, the dataset was still useful as it provided 
values above and below the cut off of 45cm, so that when evaluating the significance a greater detail 
dataset is not expected to dramatically alter the results. 
The provided transect data is a limitation to this research as it is restricted by what the FWC 
provided. Not all of the known gopher tortoise burrows had transect lines linked to them, which is why 
only 4795 out of the 9237 burrows could be used in the statistical analysis. The provided gopher tortoise 
burrow locations also act as a limitation as it is unknown if the gopher tortoise had been relocated to the 
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area where their burrows were found or, if they were naturally occurring at those locations. If the gopher 
tortoises had been relocated to a location but that location wasn’t a highly suitable environment they 
cannot travel a great distance to find more suitable habitat so may have made do.   
Future work 
Now that the relationship between the variables has been identified, future research can work on 
designing a more accurate habitat suitability model which will represent the habitat variables individually 
and more importantly consider their interactions. By focusing on a smaller study site, a depth to water 
table data set with more attributes could be applied to test the analysis again then create a habitat 
suitability model for the area. The Lake Wales Ridge would make a good study site to further test the 
model. This ridge is a sand ridge which is why the soils in this region are so highly suitable with a diverse 
canopy cover, a more detailed depth to water table layer will help reveal just how suitable the area is, 
hopefully resulting in some of it being turned into conservation lands to help protect this key stone specie.  
The area required for a gopher tortoise population to survive and thrive has been highly debated 
in recent research, suggesting that current gopher tortoise protection areas are not large enough to 
sustainably support the population. This knowledge is key if the FWC’s number one objective is to be 
fully achieved: Minimize the loss of gopher tortoises. Understanding the population dynamic of gopher 
tortoises is key to habitat suitability models. By tracking a close community of gopher tortoises 
throughout their most active season, mating season, it can be evaluated just how much land is required for 
male gopher tortoises as well as females, therefore allowing the prediction on exactly how much land they 
require to support a sustainable and thriving population. It will also help to further validate the final 
gopher tortoise habitat suitability model designed from the significance testing completed in this research.  
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CONCLUSION 
This research focused on four key habitat variables for the gopher tortoise. It revealed that the land cover 
type when acting as an independent variable and a 3-way interaction term for the other factor is 
significant at the 99.9% level and the 3-way term is significant at just less than the 97.5% level. These 
discovered interactions are essential to understand in order to fully comprehend what influences the 
location of gopher tortoises. The interaction between soils, canopy and depth to water table was found to 
have a large pull effect on gopher tortoise burrows. By understanding the relationship between habitat 
variables developers and environmental management teams can work to ensure the species survival. 
Organization’s such as the Florida Fish and Wildlife Committee can use these results to help validate 
future relocation sites for the gopher tortoise along with important habitat protection locations. 
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